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Abstract
OBJECTIVE: To investigate the effect of catgut im-
plantation at acupoints on the expressions of γ-ami-
no butyric acid B receptor (GABAB) and metabo-
tropic glutamate receptor 1 (mGluR1) in the brain
stem of rats with spasticity after stroke.
METHODS: In total, 60 male Sprague-Dawley rats
were randomly divided into three groups: a sham
group (n=10), a model group (n=25) and a treat-
ment group (n=25). The rats in both the model
group and the treatment group were subjected to
middle cerebral artery occlusion to establish a mod-
el of focal cerebral ischemia. Rats with limb-spasm
met the inclusion criteria. Only the left carotid ar-
tery was isolated in sham group rats. Three days af-
ter modeling, the treatment group was subjected
to catgut implantation at Dazhui (GV 14), Guanyu-
an (CV 4), and Zhongwan (CV 12). Neurological defi-
cit symptoms were assessed with the Zea-Longa
neurological deficit score. The Modified Ashworth
Scale (MAS), and isolated muscle tone were used to
evaluate spasticity before and after treatment. Im-
munohistochemistry was applied to determine the
expression of GABAB and mGluR1 in the rat brain
stem after treatment.
RESULTS: After treatment, neural impairment
symptoms had significantly improved in the treat-
ment group when compared to the model group
(P<0.05). Both MAS and isolated muscle tone in the
treatment group were significantly decreased
when compared with the model group (P<0.05),
and were also lower than before treatment. GABAB
expression was significantly higher and mGluR1
was lower in the treatment group when compared
with the model group (P<0.01 and P<0.05, respec-
tively).
CONCLUSION: Catgut implantation at Dazhui (GV
14), Guanyuan (CV 4), and Zhongwan (CV 12), can
relieve limb spasticity by increasing the expression
of GABAB and reducing the expression of mGluR1 in
the brain stem of rats after stroke.
© 2014 JTCM. All rights reserved.
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mate receptor type 1
INTRODUCTION
Stroke is one of the most common causes of death in
humans, and is associated with high incidence, mortali-
ty and disability.1 With the development of modern
medicine, mortality rates have dropped considerably,
however, the rate of disability continues to rise. Statis-
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tics show that 75% of stroke survivors suffer from
some sort of disability.2 Therefore, the quality of life of
stroke patients is seriously compromised.
Spasticity is a major occurrence post stroke. A previous
study3 has shown that after central nervous system
(CNS) lesions, spasticity is related to an imbalance be-
tween excitatory neurotransmitters metabotropic gluta-
mate receptor 1 (mGluR1) and inhibitory neurotrans-
mitters γ-amino butyric acid B receptor (GABAB),
with spasticity resulting from a surplus of excitatory
neurotransmitters and shortage of inhibitory neu-
rotransmitters. In addition, the levels of GABAB and
mGluR1 have been shown to decrease and increase, re-
spectively, following intense muscular tension and vol-
untary movement impairment after upper motor neu-
ron (UMN) lesions, such as cerebral palsy (CP) and
stroke.
Therefore, it is speculated that various types of inter-
ventions that are able to induce a decrease in mGluR1
expression, or an increase in GABAB expression, would
relieve hypermyotonia symptoms. Catgut implantation
at acupoints is one treatment method used in Tradition-
al Chinese Medicine (TCM), and is also a primary Chi-
nese medicinal treatment for apoplectic sequelae. Cat-
gut implantation at acupoints can produce continuous
stimulation to the acupoints, so as to cure disease. This
method has been shown to have significant curative ef-
fects on spasticity.4,5 Therefore, the expression levels of
GABAB and mGluR1 were investigated in patients
with stroke-induced spasm before and after treatment
with catgut implantation at acupoints.
MATERIALS ANDMETHODS
Experimental animals and grouping
Sixty male Sprague Dawley (SD) rats (250-300 g) of
good health were supplied by the Laboratory Animal
Center of Henan Province, China (License No. SCXK
2010-0002). They were housed in individually ventilat-
ed cages (IVC) in the Central Laboratory of the First
Affiliated Hospital of Henan University of TCM, at
22℃ ± 1℃ , humidity of 47% (v/v) and a 12-12 h
light-darkcycle, with free access to food and water. The
60 rats were divided randomly into three groups by
random number table method: sham group (n=10),
model group (n=25), treatment group (n=25).
Middle cerebral artery occlusion (MCAO) model
The focal cerebral ischemia model in SD rats was estab-
lished by MCAO.6-8 Rats were deprived of food and
were only given water 24 h before surgery. Animals
were anesthetized with sodium pentobarbital (45 mg/
kg), and then fixed on the operation table. The left
common carotid artery (CCA), internal carotid artery
(ICA), and external carotid artery (ECA) were isolated
via a neck midline incision. A nylon suture, based on
the modified Zea-Longa method, was inserted into the
ECA, pushed into the ICA, and lastly placed at the ori-
gin of the MCA. The incision was sutured and the ny-
lon suture was pulled out. Reperfusion was performed
2 h after surgery. For sham-surgery rats, only the CCA,
ICA and ECA were exposed without endovascular oc-
clusion.
Catgut implantation at acupoints
No intervention was given to the rats in the model
group and the sham group. Three days after modeling,
the rats in the treatment group were administrated
with catgut implantation at acupoints. The acupoints
were located on the basis of "the common acupuncture
acupoint about experimental animals" from Laborato-
ry Acupuncture. After disinfection, the catguts (4-0,
1cm, Shanghai Pudong Jinhuan Medical Products Co.,
Ltd., Shanghai, China) were implanted at Dazhui (GV
14), Guanyuan (CV 4), and Zhongwan (CV 12).9,10
Observed indices
Evaluation of neurological deficit scores: neurological
deficit scores were examined at 3 days after modeling
and 7 days after therapy. The scores were determined
as follows: score 0: no neurological deficit; score 1:
mild deficit, failure to fully extend the right forepaw;
score 2: moderate deficit, circling to the right; score 3:
moderate deficit, falling to the right; score 4: severe def-
icit, loss of walking; score 5: death. All rats were evalu-
ated by the same professionally trained person. Rats
with a score of 0, 4 or 5 were excluded from the study.11
Modified Ashworth Scale (MAS)
Three days after surgery and 7 days after treatment,
muscle tension was tested using the MAS.12 MAS was
as follows: 0 level: no increase in muscle tone; 1 level:
slight increase in muscle tone, manifested as a catch
and release in flexion or extension; 2 level: more
marked increase in muscle tone, but affected part(s)
easily moved, with mild ataxia; 3 level: considerable in-
crease in muscle tone, with difficult passive movement
and moderate ataxia; 4 level: affected part(s) limited in
flexion or extension, with severe ataxia. All rats were al-
so examined by the same professionally trained person.
Rats with 1-4 level were included in the study.
Isolated muscle tone test
The isolated muscle tone test was performed at 7 days
after treatment using the isolated tissue perfusion sys-
tem (ITPS). Isolated muscle-biceps brachii from the af-
fected anterior limb,13 was placed in a tissue bath filled
with Krebs solution [(mM: 120.0 NaCl, 4.7 KCl, 1.2
NaH2PO4, 1.2 MgSO4, 2.5 CaCl2, 20.0 NaHCO3,
10.0 glucose solution (G.S)], at 25℃ , with infusion of
O2/CO2 [95%/5% (v/v)]. Sutures were used to fix one
side of the biceps brachii to a transducer, and the other
side to a tissue hook. Certain stimulations were given
to the muscle strip to test the isolated muscle tone us-
ing the Power lab 7 data acquisition analysis system14
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and the cross-sectional area {CSA, g/cm2, CSA (g/cm2)=
weight (g)/[length of muscle strip (cm)×density of mus-
cle strip 1.056 (g/cm3)]}.
Immunohistochemical detection of GABAB and
mGluR1
After isolated muscle tone was evaluated, the rats in all
three groups were decapitated under anesthesia. The
brain stem was dissected on ice and placed into 4% (w/
v) paraformaldehyde for 24 h. Tissue was embedded in
paraffin, and cut into 4 μm thick sections. Finally, im-
munohistochemical detection was performed accord-
ing to GABAB (Boster, Wuhan, China) and mGluR1
immunohistochemical kit instructions (Beijing Zhong-
shan Biological Technology Co., Ltd., Beijing, China).
The expression of GABAB and mGluR1 were observed
and counted with Pro-Plus Medical Image Analysis
Software (Media Cybernetics, Inc., Rockville, MD,
USA) and expressed as an immunohistochemical score
(IHS).15
Statistical analysis
All measurement data were expressed as the mean±stan-
dard deviation ( xˉ ± s). Statistical analysis was carried
out using SPSS 11.0 software (SPSS Inc., Chicago, IL,
USA). The Wilcoxon signed rank test was used to ana-
lyze MAS and neurological deficit scores. Indepen-
dent-sample t-test was applied for quantitative analysis
of isolated muscle tone and immunohistochemical
scores. A value of P<0.05 was considered statistically
significant.
RESULTS
Quantitative analysis of experimental animals
In this study, a total of 60 male SD rats were randomly
divided into three groups: sham group (n=10), model
group (n=25), treatment group (n=25). After model-
ing, the rats in the sham group were of good health
with no fatalities. In the model group, 6 rats died and
8 rats did not show spasticity, and in the treatment
group, 5 rats died and 10 rats did not show spasticity.
The inclusive rats had Zea-Longa neurological deficit
scores of 1-3 and MAS scores of 1-4 in the model and
treatment groups. Therefore, the numbers of rats in-
cluded in the final analysis were 10 rats in the
sham-surgery group, 11 rats in the model group and
10 rats in the treatment group.
Zea-Longa neurological deficit score
There was no neurological impairment in the sham
group. Pre-treatment in both the model group and the
treatment group resulted in different neural damage
levels with no significant differences between the two
groups (P>0.05), but with significant differences when
compared to the sham group (P<0.01). Post-treatment
markedly improved neural impairment symptoms in
the treatment group when compared with the model
group (P<0.05) and the before treatment group (P<
0.05) (Table 1).
Muscle tone evaluation
MAS in the pre-treatment group showed that the mus-
cle tone in the model group and the treatment group
was significantly larger than the sham group (P<0.01),
with no marked difference between the model group
and the treatment group (P>0.05). MAS and isolated
muscle tone in the post-treatment and treatment
groups significantly reduced when compared with the
model group (P<0.05), and were also lower than the
pre-treatment (P<0.01) (Table 2, 3, and Figure 1).
Expressions of GABAB and mGluR1 in the brain
stem
The expression of GABAB was reduced and that
mGluR1 levels increased in the model group when
compared with the sham group (P<0.01). After treat-
ment, GABAB increased and mGluR1 decreased in the
treatment group when compared with the model
group (P<0.01 and P<0.05, respectively) (Table 4, and
Figures 2, 3).
DISCUSSION
In TCM, spasms after stroke are believed to be due to
the decline of Yang-Qi, a deficiency of both Qi and
Group
Sham
Model
Treatment
n
10
11
10
Time
Before
After
Before
After
Before
After
0 score
10
10
0
0
0
5
1 score
0
0
3
4
3
4
2 score
0
0
4
4
4
1
3 score
0
0
4
3
3
0
4 score
0
0
0a
0
0ab
0cd
Table 1 Comparison of Zea-Longa neurological deficit scores in each group before and after treatment
Notes: sham group and model group: no intervention; treatment group: administrated with catgut implantation at Dazhui (GV 14),
Guanyuan (CV 4), and Zhongwan (CV 12) only once, at three days after modeling. Compared with the sham group pre-treatment, aP<
0.01; compared with the model group, bP>0.05; post-treatment, compared with the model group, cP<0.05; compared with pre-treatment,
dP<0.05.
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blood, and malnutrition of muscle and vessel. The
Governor vessel is the governor of Yang-Qi in the
whole body and it is also called the sea of all Yang me-
ridians. Hence, regulating the Governor vessel can be
used for warming Yang-Qi. If the flow of Qi and blood
is not blocked, and Yang-Qi works well, muscle and
vessel will be warmed and nourished, and spasm will
be relaxed.
Therefore, in the present study, the acupoints of the
Governor vessel, Dazhui (GV 14), Guanyuan (RN 4)
and Zhongwan (RN 12) were selected. Dazhui (GV
14) can transport Yang-Qi of six Yang-meridians linked
with the Governor vessel to the extremities of body
and activate the Yang-Qi of the whole body. Guanyuan
(RN 4) is one of the three acupoints that strengthens
the body along with Zusanli (ST36) and Qihai (RN
6). By way of stimulating Guanyuan (RN 4), more Qi
and blood are generated by the spleen and stomach
and Yang-Qi is excited. The function of Zhongwan
(CV 12) involves the replenishment of Qi and fortifies
Group
Sham
Model
Treatment
n
10
11
10
Treatment
Before
After
Before
After
Before
After
0 level
10
10
0
1
0
6
1 level
0
0
5
5
4
4
2 level
0
0
3
4
4
0
3 level
0
0
3
2
2
0
4 level
0
0
0a
0
0ab
0cd
Notes: sham group and model group: no intervention; treatment group: administrated with catgut implantation at Dazhui (GV 14),
Guanyuan (CV 4), and Zhongwan (CV 12) only once, at three days after modeling. MAS: modified ashworth scale. Pre-treatment, com-
pared with the sham group, aP<0.01; compared with the model group, bP>0.05. Post-treatment, compared with the model group, cP<0.05;
compared with pre-treatment, dP<0.01.
Table 2 Comparison of MAS in each group before and after treatment
Group
Sham
Model
Treatment
n
10
11
10
Isolated muscle tone
199±39
291±27
219±44a
Table 3 Comparison of isolated muscle tone among the
groups after treatment (µv, xˉ ± s )
Notes: sham group and model group: no intervention; treat-
ment group: administrated with catgut implantation at Dazhui
(GV 14), Guanyuan (CV 4), and Zhongwan (CV 12) only
once, at three days after modeling. The treatment group vs the
model group, aP<0.05.
Group
Sham
Model
Treatment
n
10
11
10
GABAB
4.1±0.7
1.7±0.6a
4.5±1.0b
mGluR1
4.1±1.1
6.8±2.0c
4.5±1.3d
Table 4 Expressions of GABAB and mGluR1 in the brain stem
(level, xˉ ± s )
Notes: sham group and model group: no intervention; treat-
ment group: administrated with catgut implantation at Dazhui
(GV 14), Guanyuan (CV 4), and Zhongwan (CV 12) only
once, at three days after modeling. aP<0.01, cP<0.01, compared
with the sham group; bP<0.01, dP<0.05, compared with the
model group.
Figure 1 Comparison of isolated muscle tone among groups
after treatment
Sham group and model group: no intervention; treatment
group: administrated with catgut implantation at Dazhui
(GV 14), Guanyuan (CV 4), and Zhongwan (CV 12) only once
at three days after modeling. aP<0.05, compared with model
group.
Figure 2 Expression of GABAB of IHS in brain stem
Sham group and model group: no intervention; treatment
group: administrated with catgut implantation at Dazhui
(GV 14), Guanyuan (CV 4), and Zhongwan (CV 12) only once,
at three days after modeling. IHS: immunohistochemical
Scoring; GABAB: γ-amino butyric acid B receptor. aP<0.01,
compared with the sham group. bP<0.01, compared with
the model group.
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the spleen. Both Guanyuan (CV 4) and Zhongwan
(CV 12) are the source of Qi and blood and have im-
portant functions. The results from this study indicate
that the three acupoints mentioned above contribute
to a reduction in muscle tone.
Spasticity is defined as a motor disorder characterized
by a velocity dependent increase in tonic stretch reflex-
es (muscle tone) with exaggerated tendon jerks, result-
ing from hyperexcitability of the stretch reflexes, which
belong to one component of the UMN syndrome.16
Some studies have demonstrated that spasticity is relat-
ed to the surplus of the excitatory neurotransmitter glu-
tamate (Glu), and a shortage of GABA.17
Receptors of glutamate (GluR) include two subtypes,
metabotropic glutamate receptors (mGluRs) and iono-
tropic glutamate receptors (iGluRs). Metabotropic glu-
tamate receptor 1 (mGluR1), exhibits widespread ex-
pression in the CNS and is generally expressed postsyn-
aptically, and can regulate neuronal excitability.18,19
mGluR1 is activated in combination with excitability
amino acid sand couples with G proteins to activate
the cell signal transaction system, resulting in a series
of changes, which is the mechanism associated with
limb spasticity after stroke.20,21
GABA has three receptor subtypes, GABAA, GABAB
and GABAC, which combine with their relevant recep-
tors. GABAB receptor excitation can lead to presynaptic
inhibition.22-25 A clinical study has shown that Ba-
clofen, a GABAB receptor agonist, can effectively re-
duce spasticity of skeletal muscles.26 The combination
of Baclofen with GABAB receptors produces membrane
hyperpolarization, and inhibits monosynaptic and poly-
synaptic spinal reflex. Thereby, skeletal muscle spastici-
ty is eased and motor function is improved. These re-
sults indicate that spasticity after stroke is possibly in-
duced by the imbalance between excitatory neurotrans-
mitters and inhibitory neurotransmitters, and that cat-
gut implantation at acupoints can up-regulate the ex-
pression of GABAB and down-regulate the expression
of mGluR1 to relieve spasticity.
MAS and isolated muscle tone were applied to evaluate
the change in muscle tone of experimental rats before
and after treatment under limited laboratory condi-
tions. To ensure the test was performed accurately, we
studied the assessment standards of MAS and were
trained on how to operate ITPS to measure isolated
muscle tone. All procedures were performed by the
same person. The final results revealed that the data
evaluated with MAS were consistent with isolated mus-
cle tone using ITPS, and also showed that spasticity in
the treatment group was significantly reduced when
compared to the model group.
The structure and function of the CNS in experimen-
tal rats is different from humans. Therefore, the recov-
ery of muscle tone following stroke displays its own
A B C
D E F
Figure 4 Expressions of GABAB and mGluR1 in the brain stem received IHC (immunohistochemical staining, ×400)
A: the expression of GABAB of IHC of brain stem in sham group; B: the expression of GABAB of IHC of brain stem in model group; C:
The expression of GABAB of IHC of brain stem in treatment group; D: the expression of mGluR1 of IHC of brain stem in sham
group; E: the expression of mGluR1 of IHC of brain stem in model group; F: the expression of mGluR1 of IHC of brain stem in treat-
ment group. Sham group and model group: no intervention; treatment group: administrated with catgut implantation at Dazhui
(GV 14), Guanyuan (CV 4), and Zhongwan (CV 12) only once , at three days after modeling. IHC: immunohistochemistry.
Figure 3 Expression of mGluR1 of IHS in the brain stem
Sham group and model group: no intervention; treatment
group: administrated with catgut implantation at Dazhui
(GV 14), Guanyuan (CV 4), and Zhongwan (CV 12) only once,
at three days after modeling. IHS: Immunohistochemical
Scoring; mGluR1: metabotropic glutamate receptor 1. aP<
0.01, compared with the sham group; bP<0.05, compared
the model group.
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characteristics. According to preliminary experiments,
we found that muscle tone in the affected limb began
to increase and performed fully on the third day, which
is similar to the data reported here. On the basis of pre-
liminary observations, catguts were implanted on the
third day after operation, and muscle tone and expres-
sion of GABAB and mGluR1 were monitored on the
seventh day after catgut implantation at acupoints.
In summary, catgut implantation at acupoints can im-
prove limb spasticity in the rat after stroke, which is
possibly due to the up-regulation of GABAB and
down-regulation of mGluR1. This study provides a the-
oretical foundation for the clinical therapy of spasticity
after stroke.
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